In the Specification: 

Please delete pages 1 and 2. 

On Page 3, delete the drawing image and the image of the Abstract. 
Please delete pages 11 - 14. 

On page 8, insert a page break after "limited to these embodiments" 
Please amend the Specification text from page 3, "The invention relates ..." to 
page 8, "limited to these embodiments", as follows: 
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Th e i nvent i on re l ates to a veh i c le ax le syst e m for an agricu l tura l or i ndustr i a l 

uti li ty v e h i c le . Th e v e hicl e ax le syst e m has a nnov i ng — pr e ferab l y osc ill at i ng — 
support e d v e h i c le axl e , wh e r ei n at l e ast two wh ee ls can be attach e d to the v e hic le 
ax l e so that th e y can rotat e . A torqu e tub e is prov i d e d, wh i ch can b e conn e ct e d on 
on e e nd to a v e h i c le frame and on th e oth e r e nd to th e v e h i c le ax le for support i ng 
the ax le susp e ns i on. On th e v e h i c le ax le th e re i s at le ast on e ele ctr i c dr i v e , w i th 
wh i ch at le ast one wh eel attach e d to th e v e h i c le ax le can b e dr i v e n. Furth e rmor e , th e 
pr e s e nt inv e nt i on re l ates to a torque tube, wh i ch can be connected on one end to a 
v e h i c le frame and on the other e nd to o voh i c le ax le for support i ng th e ax le 
susp e ns i on. In addit i on, the pr e s e nt inv e nt i on r e lat e s to a v e hicl e ax le , which can b e 
i nsta lle d on a v e h i c le so that i t can move, and is pr e f e rably support e d so that it can 
osc i llate, and to wh i ch at le ast two whe el s can be attach e d so that they can rotat e . 
Th e present i nvent i on a l so re l ates to a vehicle, espec i a ll y an agr i cultura l or i ndustr i a l 
uti li ty v e h i c le . 

VEHICLE AXLE SYSTEM 
Field of the Invention 

The present invention relates to a vehicle axle system for an agricultural or 

industrial utility vehicle. 

Background of the Invention 
Vehicle axle systems of th e typ e nam e d abov e hav e b ee n are known^of^ 
l ong t i m e from the state of the art. For example, from EP 0 913 280 A4 t1 shows a 
vehicle axle system i s known, in which the front axle is attached to a torque tube for 
supporting the axle suspension. One end of the torque tube is connected to the 
vehicle frame via a ball- and- socket joint. The other end of the torque tube is fixed 
rigidly to the front axle. The front axle is supported so it can oscillate. The torque 
tube i s usod in tho commerc i a l vohicio known from EP 0 193 280 A1 — wh i ch i s 
e mbod ie d in th e form of a farming tractor — for support i ng supports the front axle in 
the vehicle longitudinal direction. Very generally, the torque tube is also called a tie 
member or torque connecting rod. The torque tube typically holds a drive shaft, 
which transfers at least part of the torque generated by an internal combustion 
engine to the wheels a l located to on the v e h i c le axle — opt i ona ll y , such as via a 
differential transmission. Thus, the torque tube i s us e d on on e hand for 
supportina supports the suspension of a veh i c lethe axle and on the other hand for 
protocting protects a drive shaft running which runs inside thisthe axle. 



3 



Furthermore, from BE 196 23 738 A 1, a commerc i a H shows vehicle i s known, 
which can have a front axle with electric single wheel drives. Here, the wheels of the 
front axle are driven via a cardan shaft by an internal combustion engine and/or by 
the electric drive via a pick- off gea r, wher ei n the . The drive power of the cardan 
shaft and that of the electric drive can be delivered to the wheel via a pick- off gear. 
In this way, a continuously variable adaptation of the rpm values of the individual 
wheels of the front axle is possible, which allows this vehicle to be used for multiple 
purposes. 

Now tho The electric drives on the v e h i c le axle could be connected to a 
generator in the vehicle through flexible electric line connections. Disadvantages 
her e are that such flexible electric lines can be damaged , i n particu l ar by mart e ns, 
during tt^use of the commerc i a l v ehicle or in the power- off state. 

Summary of the Invention 

Th e r e for e , th e pr e s e n tA ccordinglv, an obiect of this invention is bas e d on th e 
prob l em of prov i d i ng and i mprov i ng a to provide an improved vehicle axle system^-a 
voh i c i o ox i o, o torquo tubo, and q voh i c i o of tho typo nomod obovo, through wh i ch 
the prev i ous l y ment i oned prob l ems can be so l ved. I n part i cu l ar, the e l ectr i c dr i ves 
shou l d b e ^ 

A further obiect of the invention is to provide such a vehicle axle system which 

has electric drives powered with electric current , so that th e r ele vant over power 
lines which cannot be damaged under normal conditions . 

The prob l em i s solved according to tho i nvent i on by the teach i ng of C l aim 1 . 
Oth e r advantag e ous conf i gurations and i mprov e m e nts of th e inv e nt i on r e su l t from 

th e subord i nate c l a i ms. Accord i ng to th e i nv e nt i on, These and other obiects are 

achieved by the present invention, wherein a vehicle axle system of the type named 
obovo i s charactor i zod i n that has electric drive components for th e e l ectr i c 
dfivewhich are provided on thea torque tube. 

The vehicle axle system has a supported moving, preferably oscillating 

vehicle axle, with wheels rotatablv attached to the axle. A torcue tube is connected 
on one end to a vehicle frame and on the other end to the vehicle axle for supporting 
the axle suspension. The wheels are driven by an electric drive on the axle. 

Accord i ng to th e i nv e nt i on, f i rst i t has b ee n r e cogn i z e d that esp e c i a ll y 
e l ectr i c Electric power lines can be guided from a generator or power- supply system 
in the vehicle via the torque tube to the vehicle axle, especially running inside the 
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torque tube, so that the electric lines are protected from external influences fronn the 
vehicle to the moving vehicle axle. Thus, the electric power lines must not be laid, 
for example, along a hydraulic cylinder, which connects a vehicle frame to the 
moving vehicle axle system, where the electric power lines would not be protected 
from external influences. Therefore, the electric components for the electric drive 
are preferably arranged in the torque tube. I n th i s resp e ct, i n add i t i on to th e e x i st i ng 
funct i ons — support i ng Thus, the torque tube not only supports the axle suspension 
and protecting protects an optional mechanical drive shaft — the torque tub e takes on 
onothor funct i on, nam e lv th e guidanc e and prot e ct i on o f , it also guides and protects 
electric connecting lines or v e ry g e n e ra l ly th e prot e ct i on of electric components. 

Now, the The torque tube cou l d mav have an essentially circular, oval, or 
polygonal cross section. Along its longitudinal direction, the torque tube could be 
conical, wherein the part of the torque tube facing the vehicle axle system could 
have a larger cross section than the part facing the comm e rcia l vehicle frame. 
Optionally, an elongated indentation could be provided in the torque tube, in which 
electric power lines are arranged. In this case, the corresponding electric 
components are arranged on the outer region of the torque tube — Jout protected by 
the indentation. Preferably, the torque tube can be assembled from several parts 
and e mbodi e d, i n part i cu l ar be modular. Thus, a part of the torque tube could have 
an essentially U- shaped cross section, on which the other part of the torque tube 
can be mounted, which could have an essentially flat shape. Such a configuration of 
the torque tube enables simple assembly of the electric components arranged inside 
the tube. As long as the torque tube is also formed in a modular way, it can be 
assembled from individual modules. 

I n a preferred ombod i mont Preferablv . the electric components in the torque 
tube could tov einclude at least one power electronics component. With such a 
power electronics component, for example, the magnitude of the electric power 
delivered to the electric drive could be controlled. Alternatively or additionally4D 
the arrang e m e nt of a pow e r el ectron i cs compon e nt i n th e torqu e tub e, at least one 
power electronics component could be arranged on the vehicle axle, wherein this 
power electronics component could fulfill a comparable function. 

In a similarly preferred embodiment, the electric components on the torque 
tube could l^av einclude a frequency converter. I n pr i nc i p l e the The electric current 
for the electric drives would be generated with the help of a generator. Typically, 
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such a generator is driven by the i nterna l combustion eng i ne of the comnnercial 
vehicle engine . However, because the int e rna l combust i on engine has a variable 
rpm depending on the driving situation of the comm e rc i a l vehicle, the electric current 
generated by the generator has a variable frequency. Such a frequency converter 
could be used for converting the electric alternating current of variable frequency into 
an electric alternating current of a given, essentially constant frequency. With the 
frequency converter, the electric alternating current of variable frequency generated 
by the electric generator could first be converted into direct current and then into 
alternating current of a given frequency. The electric drive, which is preferably 
embodied as an asynchronous motor, could then be driven with this alternating 
current. 

In a preferred embodiment, the electric components in the torque tube could 
hav e include a braking resistance. Such braking resistance could be used for braking 
with the wheels of the vehicle axle system, namely when the electric drives in the 
vehicle axle system are operated in generator mode. As soon as the electric drives 
are operated in generator mode, these generate electric current, which could be fed, 
for example, to the braking resistance or to another electric load. In this way, the 
electric drives generate a braking torque, which could be used, for example, when 
the comm e rc i a l vehicle is driving downhill with long periods of braking. The braking 
resistance could be conf i gur e d, for e xampl e , in th e form of a heating coil, with which 
vehicle components, for example, the transmission oil circuit, are heated optionally 
by means of corresponding lines containing heat- transferring fluid. Very generally, 
the electric current generated by the electric drive that can be operated in a 
generator mode can be converted into mechanical and/or thermodynamic energy 
and used or stored at another location in the commorc i Q l vehicle. 

I n on OGPOc i Q i lv pref e rred e mbod i men t Preferablv , the electric components in 
the torque tube ]=^av einclude a controlle r. W i th th e contro lle r, for controlling and 
regulating the electric drive, optionally the power electronics component, the 
frequency converter, and/or the braking resistance can b e contro lle d or r e gu l at e d . 

In particular, when the vehicle axle system accord i ng to the i nv e nt i on is used 
for a front axle of a comm e rc i a l vehicle, the vehicle axle could hav ebe a 
ste e ring tvp e steerable axle. In this case, it would be useful to drive the wheels of the 
rear axle purely mechanically by an i nterna l combust i on eng i ne a l located to the 
commorcial the vehicle engine and to drive the wheels of the otoor i ng steerable type 
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axle purely electrically. In this way, the wheels of each axle half of the steering- type 
axle can be controlled in an especially advantageous way with rpm values 
independent of each other, so that, for example, power steering can be realized, 
however, without providing a mechanically complicated gear train between the 
wheels of each axle half. 

I n an e sp e c i a l ly pr e f e rr e d wav Preferablv , at least one electric interface is 
provided on the torque tube. With this interface, at least one electric line provided on 
the vehicle frame and/or on the vehicle axle can be connected to at least one electric 
line, which is arranged on the torque tube. In this way, the assembly of the 
comm e rc i a l vehicle can be simplified in an especially advantageous way, namely, a 
cable tree does not have to be pulled through the torque tube or laid in the torque 
tube. Instead, only the connections of the electric interface are to be established, 
wherein an electric interface could have a plug system, which is preferably embodied 
so that it can be screwed on and in this way would be secured against unintentional 
detachment. 

For further simplification of the commerc i a l vehicle assembly, but also for 
simpler retrofitting of already existing commerc i a l v ehicles, the electric components 
in the torque tube could be preassembled in a carrier structure. In this way, the 
electric components added to the carrier structure would form one module, which 
can be mounted on or in the torque tube. The carrier structure itself could include, in 
turn, components of a cooling system, with which the electric components in the 
torque tube could be cooled. 

In an a vehicle electric drive system for a comm e rcia l v e h i c le, the cooling of 
the electric components can r e pr e s e nt is an important aspect of the vehicle design. 
From th i s background Accordinqlv . the surface and/or the walls of the vehicle axle 
and/or the torque tube could be configured so thatf or cooling of the electric 
components i s poss i b le . Th i s cou l d b e ach ie v e d i n d e ta il i n tha t . In particular the 
surface and/or the walls of the vehicle axle and/or the torque tube hav ecould include 
cooling fins and/or at le ast one a channel. Preferably, the channel has a 
meand e r li k e arrang e m e nt and can carry, i n part i cular, a flow of coolant. With 
th emeandering shape through which coolant flows. With cooling fins on the torque 
tube or on the vehicle axle, air cooling of the electric components can be performed. 
With a channel carrying a flow of coolant, for example, water cooling could be 
realized. 
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The prob le m named above in t e rms of a torque tube is so l ved by the features 

of C l a i m 13. Accord i ng l y, a torqu e tub e for support i ng ax le susp e ns i on is conn e cted 
on on e e nd to a veh i c le fram e and on th e oth e r e nd to a v e h i c le ax le . Th e torqu e 
tub e accord i ng to th e i nvention i s character i z e d i n that th e torqu e tub e can b e 
attach e d to a v e h i c le ax le system accord i ng to on e of C l a i ms 1 to 12. 

Th e prob le m nam e d abov e i n t e rms of a v e h i c le axl e i s so l ved by th e f e atur e s 

of C l a i m ^A. Accord i ng l y, a v e h i c l e ax le can b e i nsta lle d on a v e h i c le so that i t can 
move and i s supported pr e ferab l y so that i t can osc il lat e . At least two whee l s are 
attach e d to the v e h i c le ax l e go that thoy con rotat e . Th e v e hicl e axl e according to th e 
inv e nt i on i s charact e riz e d in that i t can b e adapted to a veh i cl e ax le syst e m 
accord i ng to on e of C l aims 1 to 12. 

Th e prob le m named above i n t e rms of a v e h i c le and e specia ll y an agr i cu l tura l 

or i ndustr i al ut i l i ty v e hic l e i s so l v e d by th e f e atur e s of C l a i m 15. According l y, the 
veh i c le according to th e i nv e nt i on is charact e rized by a v e hicl e ax le syst e m 
accord i ng to on e of Cla i ms 1 to 12. 

To avo i d ropot i t i on, roforonco i s mado to tho procod i ng portion of tho 

descr i pt i on. 

Now, ther e ar e various poss i b ili t ie s for e mbody i ng and i mproving the t e ach i ng 

th e pr e sent i nv e nt i on i n an advantageous way. Th e r e to, r e f e r e nce i s mad e , on on e 
hand, to th e cla i ms d e p e nd e nt on C l a i m 1 and, on th e oth e r hand, to th e fo ll ow i ng 
e xp l anat i on of th e pr e f e rr e d e mbod i m e nts of th e i nv e nt i on w i th ref e renc e to th e 

drawing. I n connect i on w i th tho exp l anation of tho proforr e d e mbodiments of the 
inv e nt i on w i th r e f e r e nc e to th e drawing, g e n e ra ll y pr e f e rr e d conf i gurations and 
i mprov e m e nts of th e t e ach i ng wi ll a l so b e e xpla i n e d. Shown in th e draw i ngs i n a 
sch e mat i c d i agram are 

F i gure 1, an embod i ment of tho prosont i nvent i on i n a top v i ow and 

Brief Description of the Drawings 

Fig. 1 is a top view of an embodiment of the present invention: and 

F i gur e 2, Fig. 2 is a side view of the embodiment from F i gur e 1 i n a s i d e 
view rof Fig. 1 . 

Description of the Preferred Embodiment 
In Figures 1 and 2, an agricultural utility vehicle 10 is shown, wherein identical 
or similar assemblies are designated with the same reference symbols. The 
agr i cultura l ut i l i ty vehicle 10 includes an internal combustion engine 12, which is 
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attached to the frame 14. The interna l combust i on engine 12 drives the rear wheels 
22, which are allocated to the rear axle 24 of the agr i cu l tura l ut ili ty vehicle 10, via the 
drive shaft 16 and the automatically switched mechanical gear train 18, as well as 
the differential transmission 20. 

TheA crankshaft generator 26, whos 8 26 includes a rotor is-attached to the 
drive shaft 16, and is arranged around the drive shaft 16. When the i nt e rna l 
combust i on engine 12 is operating or when the drive shaft 16 rotates, the crankshaft 
26 generates electric alternating current at a frequency dependent on the rpm of the 
i ntorno l combust i on engine 12. With the electric energy generated by the crankshaft 
generator 26, the two wheels 28 are driven by the electric motors 32, which are 
allocated to the vehicle axle 30 and which are embodied in the form of asynchronous 
motors. The vehicle axle 30 is embodied in the form of a steering- type front axle of 
the agricultural utility vehicle 10, namely in the form of a rigid axle. Between the 
electric motors 32 and the wheels 28 there are gear stages 34 and 36, with which 
the rpm values of the electric motors 32 are reduced. 

The vehicle axle 30 is attached to the frame 14 of the agr i cu l tura l ut ili ty 
vehicle 10 so that it can move, wherein the vehicle axle 30 is suspended so that it 
can oscillate. For support i ng The torque tube 38 supports the moving or oscillating 
suspension, th e r e i s a torqu e tub e 38, wh i ch and is attached with one end to the 
frame 14 and with its other end to the vehicle axle 30. 

According to the invention, electric components 40, 42 for the electric drives 
32 are provided on or in the torque tube 38. These electric components 40, 42 
include a power electronics assembly 40, to which is allocated a frequency converter 
and a controller for controlling the electric drives 32 and wh i ch as is shown in F i gur e 
2 as one assemb l y. As othe r Fiq. 2. Other electric components mav be mounted in 
the torque tube 38, thoro i o such as braking resistance 42, with wh i ch thef or 
converting electric energy generated by an electric drive 32 in a_generator mode ean 
b e conv e rt e d into heat energy. With this generated heat energy, individual 
components of the agricultural utility vehicle 10 can be heated , wh e r ei n the prov i d e d 
by providing heating lines afe-(not shown for th e sak e of s i mpl i c i ty.) ^ 

I n conc l us i on i t shou l d b e not e d i n part i cu l ar that th e pr e v i ous l y e xp l a i n e d 

e mbod i m e nts ar e us e d mer el y for d e scr i b i ng th e c l a i m e d t e ach i ng, which, how e v e r, 
i s not l imited to thes e embod i ments. 

While the present invention has been described in conjunction with a specific 
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embodiment, it is understood that many alternatives, modifications and variations will 
be apparent to those skilled in the art in light of the foregoing description. 
Accordingly, this invention is intended to embrace all such alternatives, modifications 
and variations which fall within the spirit and scope of the appended claims. 
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